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Progress  of  issue  of  Report 


Report  No. 

Title 

6th  Part  AABE/853/2 
7th  - do  - 

8th  - do  - 

9th  - do  - 

10th  - do  - 

V7.  884  Night  flying  appraisal. 

VW.  884  Airfield  landing  assessment. 

V’V.  884  Brief  directional  handling  tests  with 
interim  rudder  state. 

VY.  884  Altimeter  and  ASI  static  pressure  error 
corrections. 

V>Y.  884  Qualitative  longitudinal  and  lateral 

handling  trials  up  to  20,000  ft.,  including 
stalls. 

Summary 

The  tailplane  fins  improved  directional  characteristics  in  that  over- 
balance was  no  longer  present  in  sideslip  tests  even  at  the  maximum  rudder 
angle,  (14°  in  flight);  slight  lightening  of  foot  forces  was  encountered 
occasionally  near  the  maximum  rudder  angle  but  was  not  considered  serious. 

The  greater  rudder  angle  (li*?0  compared  with  11°  of  the  proposed  interim 
scheme)  improved  directional  control  in  crosswind  take-offs  and  landings. 

The  fins  also  appeared  to  make  the  ’jinking1  motion  in  rough  air, 
previously  criticised,  more  gentle  but  trials  would  be  needed  to  determine 
the  effect  of  the  motion  on  aiming. 

The  half  orea  rudder  trim  tab  made  trimming  easier  and  satisfactory 
throughout  the  speed  range. 


This  Report  is  issued 


with  the  authority  of 

/'A 


Commanding  A.  & A.E.E. 


1 . Introduction 


The  3rd  port  of  this  Report  gave  the  results  of  a preliminary 
directional  handling  assessment  in  which  rudder  overbalance  was  observed 
in  straight  sideslip  tests  on  the  olimb  at  1 65  knots  I.A.S. , and  on  account 
of  some  fruitless  measures  token  in  attempts  to  cure  the  overbalance. 
Development  continued  and  the  8th  port  of  this  Report  gave  on  account  of 
tests  directed  towards  attaining  a suitable  'interim'  rudder  state  v/hioh 
would  allow  a small  number  of  airoreft  to  go  into  Servioe  without  delay, 
albeit  in  a restricted  manner.  However,  at  about  this  time,  tests  at  the 
firm  on  a 'Tyv orn  with  subsidiary  fins  fitted  on  the  tcilplone  were  showing 
promise,  and  it  was  decided  to  fit  a pair  of  fins  to  VW.  884.  Tests  mode 
in  thi3  configuration  ore  reported  here  together  with  tests  of  a half-area 
rudder  trimmer  tab  which  was  fitted  to  overcome  earlier  A.  & A.E.E.  criticisms 
of  the  too-rapid  operation  of  the  trinmer, 

2.  Condition  of  aircraft  relevant  to  tests 


2.1  General.  VW.  884  was  a ?3c.4  Wyvern,  differing  at  first  from  the 
earlier  ( Mk . 2 ) version  in  having  a 10°  dihedral  tailplane,  cut-back  engine 
cowl,  lockable  tailwheel  and  a " horn-balanced 1 rudder.  Other  changes  were 
made  in  the  course  of  developing  the  llk.4  to  a standard  acceptable  for 
Service  use  and  those  relevant  to  directional  handling  are  given  in  later 
paragraphs, 

2.2  Loading.  The  tests  were  mode  at  the  design  aft  c.g.  position  of 
6.0  ins.  aft  of  datum  (21.2?o  S.M.C. ) undercarriage  down,  with  the  aircraft 
loaded  to  a weight  at  toke-off  of  20,730  lb. 

2.3  Airframe  limitations.  The  maximum  permissible  indicated  airspeed 
was  435  knots  I.A.S. 

From  structural  considerations  the  maximum  allowable  angles  of  sideslip, 
based  on  a safety  factor  of  2,  were  25°  at  speeds  up  to  170  knots  I.A.S. 

(this  was  also  the  calculated  fin  stalling  angle)  12°  at  250  knots  I.A.S, , 

55-°  at  350  knots  I.A.S.  and  3?°  °t  435  knots  I.A.S.  (Ref.  RTO's  letter 
2040/Wyv/01,  dated  22nd  January,  1953). 

2.4  Central  fin  and  rudder  details.  The  fin  and  rudder  were  basically 
os  fitted  for  the  first  series  of  tests  (3rd  port  of  this  report)  and  relevant 
details  are  as  follows. 


The  leading  edge  of  the  rudder  above  the  top  hinge  was  extended  forward 
to  form  a 'horn  balance'.  The  rest  of  the  rudder  leading  edge,  between  the 
top  and  bottom  hinges  was  shrouded  by  rearward  extension  of^the  fin  skinning 
but  for  these  tests  the  shroud  trailing  edge  strips  (about  s"  wide)  were 
removed.  The  gap  between  the  fin  and  the  rudder  nose  was  open  (i.e. 
rubberised  fabric  seal  removed.  This  was  the  oondition  in  which  the  tests 
were  made  by  the  firm  and  eppeared  promising). 


Gross  fin  and  rudder  area 
Gross  rudder  area 
Rudder  area  aft  of  hinge  line 
'Horn  balance  ' area  above  top 
hinge  and  forward  of  hinge  line 
Rudder  travel  (each  way) 

Rudder  tab  area 


50.2  sq.ft. 
17.1  " " 

13.3  " " 


0.97  " " 
14?°  / 

0.77  sq,  ft. 


(1.59  sq.ft,  originally) 


The  reduction  in  tab  area  made  during  the  course  of  the  tests  was 
effected  by  reducing  the  height  of  the  tab,  maintaining  the  original,  chord. 

The  upper  part  of  the  trimmer  then  become  an  integral  part  of  the  rudder 

proper. 

The  tab  was  adjusted  to  give  aero  balance  action. ___ 

4 The  original  rudder  travel  of  the  "ilk. 4 was  + T5°.  Since  preliminary  A.&  A.E.E, 
tests  with  the  fins  fitted  showed  some  lightening  towards  full  travel,  the  firm 
proposed  a rudder  movement  of  14°  each  way,  with  +50,  - 0°  toleranoe;  for  the 
remainder  of  the  A.  & A.E.E.  tests  the  rudder  movement  was  set  to  the  top  limit 
aa  shewn. 


2.5  Toilplone  fins.  One  fin  was  fitted  on  each  side  of  and  normal 
to  the  tailplo.no  (see  Pigs,  4 °nd  5)«  The  groaa  oreo  of  eaoh  fin  was  5% 
sq.ft,,  divided  equally  above  and  below  the  tailplane. 

2.6  Instrumentation.  A Hussenot  A.20  continuous  trace  recorder  was 

used  to  reoord  rudder  pedal  foroe,  rudder  angle,  height  and  indicated  airspeed. 
A sideslip  vane  was  fitted  on  a pole  on  the  starboard  wing  tip  and  was 
connected  to  a desynn  indicator  in  the  cookpit. 

3.  Soope  of  tests 

The  tests  were  in  three  ports: 

3.1  Sideslip  tests  to  port  and  starboard 

(a)  On  the  climb  at  165  kts.  I.A.S.  (intermediate  power)  at  about 
14,000  ft. 

(b)  In  level  flight  at  operational  necessity  power  (giving  about 
290  kts.  I.A.S.  at  the  test  height) 

(c)  In  the  dive  at  420  kts.  I.A.S.  at  max,  continuous  power. 

(d)  On  the  glide  at  130  kts.  I.A.S.  with  the  flops  and  under- 
carriage down  and  the  throttle  at  the  flight  idle  gate. 

Tests  (b),  (c)  and  (d)  were  made  between  8000  ft.  ond  10,000  ft. 

3.2  Assessment  of  the  half  area  trimmer  tab. 

3.3  General  directional  assessment,  including  changes  of  trim  with 
speed  and  power  and  turns  on  one  control. 

4.  Results  of  tests 

4.1  Sideslips . The  results  are  summarised  in  the  following  table. 

Foot  forces  quoted  are  nett  values  (i.e.  port  minus  starboard  or  vice-versa) 
from  the  Kussenot  records,  samples  of  which  are  given  in  Fig.1.  Fig, 2 gives 
a plot  of  rudder  angle  against  sideslip  angle  for  the  olimb  test,  and  Fig, 3 
gives,  again  for  the  climb  test,  a plot  of  rudder  force  against  rudder  angle 
together  with  some  typical  values  for  the  unmodified  aircraft. 

Figures  quoted  in  brackets  in  this  table  are  sideslip  angles. 


Condition 

Sideslip  to  port 

Sideslip  to  starboard 

Climb  P 

I65  kts.  I.&.S, 

Foot  force  increased  progressively 
to  290  lb.  at  13.8°  stbd,  rudder 
(16°)  at  which  point  the  rudder 
pedals  appeared  to  be  at  full  travel. 
Between  ■§•  ond  ^ aileron  used  to 
maintain  straight  sideslip. 

Similar  to  test  to 
port.  310  lb.  at  14° 

tl7i*). 

Level 

290  kts.  I.A.S. 

Heavy  foot  force  (about  280  - 290  lb.) 
limited  the  rudder  angle  to  5.8° 

(7?-°).  . _ ... 

Heavy  foot  force  (about 
300  lb.)  limited  the 
rudder  ancle  to  5°( 5w°) 

Dive 

A20  lets.  I.A.S. 

As  for  level  flight,  max  rudder  angle 
2°  (20). 

As  to  port. 

Glide,  flaps 
& u/c  down. 

130  kts,  I.A.S. 

Pedal  force  increased  progressively, 
becoming  prohibitively  heavy  (about 
290  lb.)  at  the  seme  time  as  the 
pedals  appeared  to  be  at  full  travel 
with  0 rudder  angle  of  14°  (7°). 

As  to  port,  about  300 
lb.  at  13.8°  (8g°). 

/,  Occasionally  during  the  climb  tests  there  appeared  to  be  very  slight 
lightening  of  the  pedal  forces  just  before  full  travel  was  readied. 
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4.2  Assessment  of  trim  tab.  The  half  area  trim  tab  overcame  earlier 
A.  & A.E.E.  criticisms  of  too-rapid  operation.  Directional  trimming  was 
now  much  smoother,  Whereas  on  previous  V/yverns  it  was  not  possible  to  trim 
the  oiroroft  accurately  for  straight  flight,  the  present  'fine-notion' 
trimmer  enabled  the  airoraft  to  be  trimmed  with  precision  up  to  435  kts, 
I.A.S. 


4«3  General  directional  assessmont.  Pilots  considered  the  rudder, 
although  heavier  than  in  previous  configurations,  to  be  a pleasant  control 
for  all  normal  flight  conditions;  it  was  moderately  light  and  responsive. 

The  increased  rudder  movement  now  available  (+  14|'°  compared  with 
+_  11°  of  the  "interim"  soheme,  see  7th  and  8th  parTs  of  this  Report)  gave 
better  direotional  control  in  oross-wind  take-offs  and  landings  in  winds 
of  up  to  20  knots  (the  maximum  value  during  the  trials)  from  either  side. 

The  direotional  ohange  of  trim  with  power  was  insignificant  (e.g. 
on  throttling  to  the  flight  idle  gate  when  trimmed  for  level  flight  at 
operational  neoessity  power,  290  kts.  and  about  250  lb/sq.in.  torquemeter 
reading).  The  ohange  of  trim  with  speed  was  also  small;  trimmed  on  the 
climb  at  1 65  lets.  I.A.3.  a right  rudder  bar  force  of  40  lb.  was  required 
to  maintain  straight  flight  at  435  kts.  I.A.S. 

Turns  on  one  control  were  made.  On  rudder  only,  there  was  no 
appreciable  rate  of  turn,  and  only  moderate  amounts  of  slip.  On  aileron, 
with  the  rudder  fixed,'. satisfactory  turns  could  be  mode  without  noticeable 
slip  or  skid;  it  was  possible  to  exceed  rate  4 (the  maximum  value  on  the 
pilot's  instrument)  in  turns  mode  at  1 65  kts,  I.A.S.  on  the  olimb  and  at 
305  kts.  I.A.S. , approximately  the  maximum  speed  in  level  flight. 

Earlier  reports  on  Wyverh  aircraft  criticised  the  directional  1 jinicing 1 
at  high  speeds  in  rough  air.  The  fins  altered  this  chara-oteristio  in  that 
the  motion  was  smoother  and  of  longer  period.  Pilots  were  of  the  opinion 
that  there  was  o slight  amount  of  roll  now  present,  such  that  the  motion 
was  almost  a gentle  1 'wallow 1 . 

Aerobatics  were  accomplished  ’without  difficulty.  Rolls  and  half-rolls 
from  the  tops  of  loops  were  made  with  no  signs  of  rudder  locking. 


5.  Discussion 

5,1  General.  The  tests  made  with  the  toilplane  fins  fitted  have  shown 
that  the  rudder  locking  has  been  overcome.  Prom  this  aspect  the  directional 
characteristics  are  considered  to  be  of  a standard  acceptable  in  i»ervice  use, 
but  the  jinking  in  disturbed  air  may  affect  aiming,  and  specialist  armament 
trials  will  be  required  to  assess  this. 


It  should  be  noted  that  the  fins  were  tested  in  con junotion  with  the 
removal  of  the  fin-to-rudder  3eal  and  the  shroud  trailing  edge  strips.  The 
seal  hod  been  removed  in  earlier  tests  (8th  part  of  this  Report)  and  was 
3till  out  when  the  airoraft  returned  to  this  Establishment  after  having  the 
fins  fitted.  It  was  decided  not  to  refit  the  seal  since  it  appeared  to 
have  helped  in  the  earlier  tests.  With  .the  seal  out,  some  tests  wore  made 
with  the  shroud  trailing  edge  strips  refitted,  but  these  increased  the 
lightening  of  the  foot  forces  (see  next  para.)  although  no  reversal  of 
foot  force  was  enoountered  even  at  full  travel. 


It  was  found  on  a few  occasions  in  straight  sideslip  tests,  that  with 
the  present  configuration  there  appeored  to  be  some  lightening  of  the  foot 
forces  towards  full  rudder  travel,  but  it  was  not  serious  and  the  rudder 
would  always  centralise  when  the  foot  force  was  released. 


Although  the  maximum  rudder  travel  was  + 1lfz°  Dnd  tlx5-s  could  be 
jbtained  on  the  ground,  the  maximum  rudder  angle  which  could  bo  obtained 
M flight  with  the  pedals  at  full  travel  was  14°,  indicating  slight 
iistortion  somewhere  in  the  circuit.  ^ ^ 


% 
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5*2  Possible  option  of  fins.  It  will  be  noted  thot,  in  comparison 
with  the  results  quoted  in  the  3rd  part  of  this  Roport,  the  ratio  of  rudder 
angle  to  sideslip  angle  had  been  inoroasod  slightly  due  to  fitting  the  fins 
(o«g«  about  0*88  :1  compared  with  about  0,75  si)  but  tho  increase  was  by 
no  means  adequate  to  prevent  an  angle  of  sidoslip  of  about  10°  (the  critical 
value  in  the  original  tests)  boing  reaohed. 

The  most  likely  explanation  of  the  effoot  of  the  fins  is  os  follows. 

It  appears  probable  on  this  aircraft  that  while  b2  remained  correctly 
negative  with  increasing  sideslip,  b^  become  progressively  negative  so 
that,  at  a given  sidoslip  angle,  the  sum  of  the  two  main  hinge  moment  terms 
was  zero  i.e., ignoring  b0  and  b,  effects,  CH  = b1/'  + b2  l = 0,  ( a positive 
J giving  rise,  in  accordance  with  convention  to  a negative”^  ),  The  foot 
force  would  then  be  zero  also,  giving  symptoms  of  overbalance.  Increase  in 
the  rudder  angle/sideslip  angle  ratio  would,  at  a given  sideslip  angle, 
increase  the  b2j  term  and  therefore  delay  the  sideslip  angle  at  which  the 
sum  of  the  terms  beoomes  zero,  there  being  no  reason  for  any  change  in  the 
b-j/^  term.  When  the  plot  of  b.  ^ against  sidoslip  i3  non-linear,  only 
a small  increase  in  the  slope  or  tho  b2  plot  might  be  needed  to  give  a 
marked  increase  in  the  sideslip  angle  for  zero  hinge  moment. 

It  was  thought  that  the  change  in  b-j  with  sideslip  might  be  due  to 
partial  fin  stolling,  ond  in  this  connection  it  is  interesting  to  noto  that 
RAE  flight  tests  with  wool  tufts  on  tho  fin  have  shown  breck-awoy  of  the 
flow  a:  the  top  of  the  fin  in  sideslips, 

5.3  Lateral  ond  directional  derivatives.  Prom  the  results  of  tests  in 
whioh  turns  were  made  on  aileron  alone,  the  yawing  moment  with  sidoslip  (riy) 
appeared  satisfactory.  This  is  confirmed  by  the  general  directional  steadi- 
ness, the  jinking  movement  referred  to  in  para.  4.3  being  more  of  a sideways 
displacement  (Yv  effect). 

Between  -g-  ond  ■§■  aileron  with  about  10-15  lb.  force  was  used  to  maintoin 
the  16°  sideslip  on  the  climb.  This  would  appear  to  indicate  a satisfactory 
value  of  ly,  this  opinion  being  supported  by  the  only  moderate  amounts  of 
skid  apparent  in  turns  on  rudder  alone. 

Tests  mode  with  the  oircroft  in  the  original  condition  (no  fins)  had 
shown  that  oscillatory  stability  was  satisfactory,  the  oircroft  returned  to 
the  trimmed  state  within  2 or  3 oscillations  when  the  controls  were  released 
after  applying  about  5°  of  sidoslip.  The  fins  ’would  increase  the  damping 
and  oscillatory  stability  may  bo  considered  good. 

Although  no  specific  tests  were  made  to  investigate  spiral  stability, 
it  does  not  appear  that  tho  increase  in  duo  to  the  fins  has  made  the 
airoroft  noticeably  unstable  and  pilots  did  not  complain  of  spiral  instability. 

5.4  A.P.  970  requirement  for  sideslip.  Chapter  601,  pera.  8,3  states 
inter  alia,  thot  "the  angle  of  sideslip  corresponding  to  a rudder  control 
force  of  150  lbv,or  to  full  rudder  if  this  can  be  produoed  with  o lesser 
force,  shall  be  within  the  design  limit  (for  sideslip)  and  shall  not  be 
greater  than  67/  of  the  angle  at  which  the  fin  stalls."  These  requirements 
ore  met  easily  *n  the  Wyvern,  whsre  foot  forces  approximately  double  the  quoted 
value  were/’Tlthout  achieving  tho  design  sidoslip  angle.  It  is  felt  however 
that  150  lb.  is  rather  a low  figure  ond  that  a higher  figure  (say  250  lb.) 
would  be  more  reolistio.  It  will  be  recalled  from  the  8th  pert  of  this 
Report  that  deliberate  heavying  of  the  rudder  was  one  of  the  lines  of  attack 
to  prevent  overbalance. 

6.  Conclusion?; 

The  fitting  of  tailplane  fins  has  overcome  rudder  looking  on  this  aircraft, 
foot  forces  Hwo  being  progressive  with  sideslip  and  rudder  angle,  any 
lightening  being  very  slight  and  ocourring  only  at  extreme  angles. 
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It  appeared  also  that  the  fins  had  cffootod  the  'jinking'  motion 
in  rough  air,oriticisod  earlier,  in  that  it  was  now  more  gentle  and  seemed 
to  be  associated  with  very  slight  rolling.  Specialist  tests  will  be 
needed  to  determine  the  effect  of  this  motion  on  aiming. 

The  greater  rudder  onglo  available  with  this  configuration  <±  U£° 
compared  with  + 11°  in  the  proposod  intorim  scheme)  has  improved  direotional 
control  in  crosswind  take-offs  and  landings. 

The  half  area  rudder  trim  tab  has  made  directional  trimming  easier 
and  satisfactory,  thus  overcoming  one  criticism  levelled  at  the  Wyvern 
throughout  its  development  life. 

7.  Further  developments 

Tests  have  been  completed  to  determine  the  effect  of  the  end  fins 
on  longitudinal  characteristics,  or'  those  tests  r/ill  be  reported  later. 
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